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Journal It has been found that hydrogenated amorphous silicon prepared by plasma decomposition of silane SiH4 [1] , by sputtering in presence of hydrogen [2] or by evaporation with subsequent reaction with activated hydrogen [3] is a high resistivity, highly photoconductive, semiconductor. Most of the properties of this material can be explained by a comparatively low density of states in the gap of the order of 101 7 cm -3 eV - [4] . Our Wronski [5] for a 0.7 ym film of glow discharge amorphous silicon on a substrate of fused silica. [6] . The films of thicknesses ranging from 0.6 to 3 um are deposited on substrates of pure fused silica (suprasil of 0.25 mm thick) and the conductivity measurements are performed in a planar configuration (Fig. 1 Around room temperature, and above, the conductivity u is thermally activated :
The systematic variations of the activation energy .Ea with the conditions of preparation and the hydrogen content are described elsewhere in the framework of the hydrogen-silicon alloy picture [7] .
We are concerned here with the effect of interface charges on the activation energy : because of the bending of the bands, the activation energy is a function Ea(x) of the distance x to the surface of the film (Fig. 2 In a planar configuration (Fig. 1) the conductance of the sample is that of the bulk in parallel with the conductance of the surface :
In many cases, the measured apparent conductivity 6app is dominated by the surface conductivity and all the information on the transport properties of the bulk are lost. The apparent activation energy is then mostly that of the surface and the pre-exponential factor has a reduced apparent value Qo b/d.
It is then quite clear that if the heat and light treatments vary the density of charges at the substratesilicon interface, the apparent transport properties of the film will show large variations. For example, we find as in reference [5] (Fig. 3b) [8] . Or it can be the effect of a larger density of charges partially shielded by interface states. Thus for a rather modest effective density of charges, we predict quite a large effect on the surface conductivity. Now the activation energy E(x) varies along the normal to the surface and is given from equation (5) by :
where Ea is the activation energy of the bulk and we have explicitely considered the case of a decrease of the activation energy at the surface (effect of positive charges at the interface).
Quite generally, the conductivity u(x) at different locations of the film is given from equation (1) : For the simple case of a constant density of states, V(x) is given explicitely by equation (5) (10), (11) and (13) . It is convenient to write the result in the form :
where the bulk conductivity UB, the surface conductivity QS s and the effective surface thickness b are respectively
The form of the apparent conductivity u.pp (eq. (14)) shows that a transport experiment in the planar configuration measures the conductivity of the bulk in parallel with a sheet of thickness l5 having in general the much larger surface conductivity as. When the surface conductance (2nd term of eq. ( 14)) is much larger than that of the bulk, the activation energy is that of the surface : When 1 eV. , is not too large, at a certain temperature surface and bulk conductance become of the same order and the log a versus 1 j T curve departs from a straight line : the low temperature part gives the surface activation energy, whereas the high temperature lines tends toward the bulk activation energy.
With these formulae, we can give a coherent picture of the effects described by Staebler and Wronski [5] and quantitatively explain their results (see Table 1 and Fig. 4) . The [5] to explain their transport measurements. In state A the conductance is mostly that of a surface sheet of thickness ô = 2.8 x 10-2 J.1m. Similarly, the photoconductivity in this state is dominated by the sheet having an activation energy below 0.64 eV of thickness 7.8 x 10 -2 um ~ d/ 10.
After annealing, the surface bending of the bands is restored (state A), the surface activation energy is lowered and the measurements are dominated by the surface conductance. In that state, the experiment gives uo app = 4 x 103 (Q cm)-1 and Using equations (6), (7) and (15) It is interesting to notice that this picture explains also the results of the photoconductivity measurements without further adjustable parameter. According to the photoconductivity study of Anderson and Spear [10] , the photoconductivity of a low activation energy material is much larger than that of a high activation energy material, the turning point being at about Ea ~ 0.64 eV. Extrapolated to 1 JlW /cm2 of incident light, the ratio is about 104. Now according to our picture, in state A, with a Debye length of 0.295 gm, only about 1/10 of the sample has an activation energy below the limiting value of 0.64 eV, so that the apparent photoconductivity in that state is reduced by a factor of 10 (Fig. 4) . This explains a photoconductivity ratio of 103 between the two states instead of the larger ratio of 104 expected from their activation energies of 0.57 and 0.87 eV. Figure 5 [11, 12] . This value is substantially smaller than the values found by Madan and coworkers, which always exceed 2 x 1017 cm -3 eV -1 [9] .
The type of measurements shown in figure 5 The effect of surface states in insulating substrates could be overcome by using a sandwich configuration for the transport measurements, at the price, however, of other difficulties that we were not able to overcome : non-negligible contact resistances which may be nonohmic, possibility of injecting electrodes, etc. The present study was prompted by an interest in spindependent photoconductivity [13] and magnetoresistance studies of photoconductivity, for which a planar configuration is best adapted because of the required combination of microwave and light irradiation. We had found also in these experiments some erratic results similar to that of transport studies. It is quite obvious that the same uncontroled band bending at the surface is responsible for these variations. The techniques described in this article are being used for our spin-dependent studies [14] 
